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(57) ABSTRACT

The following teachings are of a portable autonomous
device and method operating independently of aircraft flight
control equipment. The device can be easily moved from
one aircraft to another. The device measures the acceleration
of the aircraft from the instantaneous speed and the runway
distance covered from the start of the acceleration. Once the
runway length and take-off speed is input, the device cal-
culates the remaining distance to safely reach the take-off
speed. If the remaining runway distance is not enough for
the safe take-off, the device provides visual or audible
information about the situation and signals to the pilot. In
other embodiments, the determination and presentation of
the remaining runway length may be implemented in the
aircraft flight control equipment.
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DEVICE AND METHOD FOR
DETERMINING A SAFE AIRCRAFT
RUNWAY DISTANCE

CROSS-REFERENCE TO RELATED
APPLICATION

[0001] This patent application is a continuation-in-part of
U.S. application Ser. No. 16/977,822, filed on Sep. 3, 2020.
U.S. application Ser. No. 16/977822 is a national stage
application of the international application PCT/162019/
050773, filed on Jan. 30, 2019. The international application,
PCT/162019/050773, claims the benefit of an earlier filed
foreign application, IT2018-509 filed Mar. 5, 2018. The
above applications are incorporated by reference herein.

TECHNICAL FIELD

[0002] The invention relates to a method and device for
determining aircraft runway safe distance and, in particular
for determining the remaining, safe take-off runway distance
without using built-in aircraft sensors.

BACKGROUND OF THE INVENTION

[0003] One of the major problems that aircraft pilots are
facing at the time of takeofl is related to situation when an
aircraft pilot cannot assess whether the runway is long
enough for the aircraft to reach a required take-off speed.
Depending on the size of an aircraft and its takeoff param-
eters, the required runway distance will vary. Known solu-
tions for determining safe take-off distance include calcu-
lations of runway distance by built-in aircraft systems using
built-in aircraft sensors or external systems to the built-in
aircraft system, such as GPS.

[0004] The known solutions to the problem incorporate a
combination of external sensor data and are intricately
incorporated into an aircraft’s cockpit. Both aircraft take-off
and landing scenarios have some known solutions to alert
the pilot of the degree of successful maneuvering using
combinations of device and computer implemented logic
considering the state of the aircraft and intended runway for
take-off or landing.

[0005] However, the solutions require complicated instal-
lation of a device, making it essentially non-transferrable to
another aircraft, and the use of external sensors limits their
compatibility with smaller aircrafts which do not have
certain advanced sensor capabilities or aircrafts which may
operate outside of, say, GPS signal area. Specifically, small
recreational aircrafts which predominantly use shorter run-
ways would greatly benefit from the use of a device and
method for determining safe takeoff distance remaining on
a runway that is both portable between aircrafts and which
is autonomous, that is, no external sensors are necessary for
operation.

[0006] The present invention provides a technical solution
that is both portable and autonomous.

SUMMARY OF THE INVENTION

[0007] The invention is a method for determining remain-
ing safe runway distance for take-off, independently of an
aircraft flight control equipment, and a portable and autono-
mous device for implementing the method. The device can
be easily moved from one aircraft to another. The device
measures the acceleration of the aircraft then calculates
instantaneous speed and runway distance from the start of
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acceleration without data input from aircraft flight control
equipment. Once the runway length and required take-off
speed are input, the device calculates the remaining distance
required to safely reach the take-off speed. If the remaining
runway distance is not enough for the safe take-off, the
device provides visual or audible information about the
situation to the pilot.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] FIG. 1 is an image of the autonomous device.
[0009] FIG. 2 is a schematic of internal components of the
autonomous device.

[0010] FIG. 3 is a flow-chart of the preferred embodiment
of the method for data acquisition.

[0011] FIG. 4 is a flow-chart of the preferred embodiment
of the method for data filtering.

[0012] FIG. 5 is a flow-chart of the preferred embodiment
of the method for data processing and output.

DETAILED DESCRIPTION OF THE
INVENTION

[0013] The invention discloses a method for determining
the current position of an aircraft with respect to a coordinate
system, acceleration on a runway, and the method also
determines whether the remaining runway length is enough
for the aircraft to reach the required take-off speed.

[0014] The autonomous device (100), shown in FIG. 1,
comprises a casing (1.0), where all components of the device
(100) are assembled, a protective screen (102), for shielding
information output area of the device (100), remaining safe
runway distance data output area (103), a visual indicator
(105), for warning of approaching end of safe distance for
take-off, and a control knob (104) used for manual input
entry. The internal componentry of the device (100) is
shown in FIG. 2. Inside the casing (101) comprises a buzzer
(201), for emitting an alarm sound for indicating the state of
the safe for take-off distance, a 12V power supply, a power
management unit (202), a voltage measurement unit (203),
a battery (205), a battery charging unit (2.4), an encoder
(206) which is integrated with the external control knob
(104), a Thin-Film Transistor (TFT) LCD driver (207), a
TFT LCD screen (208), an SD memory card reader unit
(2.9), a Computer Processing Unit (CPU) (210), a crystal
clock (211), a photo transistor (212), an LED driver (213),
an RGB LED column (214), a data transfer connection port
(215), such as USB port, an accelerometer (216) and a
gyroscope (217).

[0015] The device (100) operates fully independently
from any external conventional navigation systems used in
aviation such as GPS, VOR, DME, NDB, ILS, MLS or other
inner equipment of an aircraft. The encoder (206) is used for
input of the input parameters. The input of the input param-
eters is done using the control knob (104) by rotating and
pressing the knob (104). The TFT LCD screen (208) dis-
plays the input data at the time of entry and indicates the
remaining runway length from the current runway reference
to the last runway reference in relation to Take-Off Distance
Available (TODA) or Take-Off Runway Available (TORA)
when the device is initiated.

[0016] The accelerometer (216) and gyroscope (217) are
used for automatic data acquisition in regular intervals,
whereas manual data input (302) is required for initial input
values of: runway length (TODA or TORA); take-off direc-
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tion or “runway in use” (magnetic course in degrees) with
respect to a coordinate system, i.e. World Countries or other
coordinate system; meteorological wind direction (referred
to as magnetic course in degrees) with respect to the
coordinate system; wind speed (knots, or nm/s); required
take-off speed (Vr) or rotation speed of the aircraft (knots, or
km/h). The device calculates the safe runway distance (506
and 510) based on input parameters and real-time data from
accelerometer (216) and gyroscope (217) of the device
(100). The three-axis electronic accelerometer (216) is con-
figured to measure instantaneous acceleration at regular
intervals, while the electronic gyroscope (217) is configured
to measure the instantaneous aircraft taxi angle with respect
to the longitudinal axis in regular intervals. The electronic
gyroscope (217) 1s necessary to calculate the actual distance
traveled by the aircraft with respect to the longitudinal
runway axis, which may not coincide with the distance
traveled by derivation from the instantaneously measured
acceleration of the aircraft. In order to perform such a
conversion, it is necessary to measure the fluctuations of the
aircraft taxi angle (instantaneous taxi angle with respect to
the longitudinal axis) and to obtain a projection of the actual
instantaneous velocity with respect to the longitudinal run-
way axis from the instantaneous taxi angle value using
trigonometry (503).

[0017] The indicative column (214) of RGB LEDs pro-
vides the pilot with information about the current state of the
aircraft’s instantaneous speed, residual runway, and instan-
taneous acceleration with respect to the forecast to reach the
aircraft’s required take-off speed Vr for the entire runway
(TORA, TODA.). The LED column (214) can glow in three
colors—green, yellow and red. If the aircraft achieves
sufficient acceleration and velocity during the take-off run-
way and if its calculated predicted take-off run is in the range
between 0-75%, the entire column (214) glows green. If the
aircraft achieves an acceleration during the take-off runway
sufficient to take-off between 76-99% of the runway length,
the LED bar gradually changes color from green to yellow.
If the estimated take-off distance for the runway is 99% of
the TODA or TORA, the entire LED bar illuminates yellow,
informing the pilot that the dangerous limit has been
approached wherein the runway length may no longer be
sufficient for safe take-off. If an acceleration and speed
cannot be reached during the acceleration of the aircraft to
ensures a safe take-off from 100 percent of the runway
length, the entire LED bar immediately begins to glow red
and an audible warning signal is generated. Both of the
visual and audible warning signals are generated if the
acceleration of the aircraft reaches zero or negative values
along the take-off run. The device (100) contains a computer
processing unit (210) that is configured to perform a series
of calculation, that together, comprise the steps of the
method to continuously calculate a safe take-off distance
(506) and continuously monitor the residual take-off dis-
tance (510), based on manual input parameters (302) com-
bined with the real-time data obtained from the accelerom-
eter (216) and gyroscope (217). The device also provides
easy-to-understand visual and audio information to the pilot
based on the results of the method to enable the pilot(s) to
evaluate the objective situation of the residual take-off
distance, instantaneous acceleration, and speed as well as
aircraft position with respect to the runway length.

Mar. 17,2022

[0018] The method employs the measured instantaneous
acceleration and gyroscopic data for determining the safe
remaining take-off distance. The basis of the method steps is
as follows:

[0019] The measured, instantaneous speed of the aircraft
(ground speed) is converted to the to the ground speed with
respect to the wind speed outside the aircraft (true air speed).
The algorithm calculates the difference by adding (in case of
head wind) or subtracting (in case of tail wind) the wind
speed to/from the instantaneous speed (ground speed) of the
aircraft.

[0020] The head wind or tail wind component, with
respect to the aircraft, is calculated according to formula I:

p

wind component”

¥ ingXCOS Q O

wherein V., , , is wind speed, o is the angle of direction of
wind vector with respect to the aircraft. The angle, o, is the
difference between the aircraft take-off trajectory angle and
the angle of wind direction. Unit degrees of both angles are
with respect to magnetic direction, and both angles are
manually input initial parameters (302).

[0021] Aircraft speed with respect to wind speed V.,
TAS (true air speed) is calculated (504) using formula 1I:

Vair=

’
V ground®Vsind component (ID

wherein V., is the instantaneous speed of the aircraft on
the ground. V.., is obtained as a first derivative of the
instantaneous acceleration of the aircraft. At the same time,
from the same reference point, the second integral of instan-
taneous acceleration is evaluated to obtain the traveled
distance of the aircraft. In this way, a single instance of
instantaneous speed and distance value are obtained. Recal-
culation is performed every 250 ms. The TAS data is used
to form an array which is used to extrapolate and determine
whether the aircraft will reach the required take-off speed,
Vr, in the remaining take off distance.

[0022] Inthe preferred embodiment of the method, shown
in FIGS. 3-5, the following steps are performed on the CPU
of the device, either encoded directly or encoded on software
that is installed on the CPU. However, other combinations
and order of operations are also within the scope of the
method.

[0023] The first step of the method is to configure the
device (301) for the user preferences including choice of
units and threshold levels for the LED indicator (214). The
next step is to input the initial parameters (302) using the
control knob (104). Once the initial setup steps are accom-
plished, the accelerometer and gyroscope will begin record-
ing aircraft data once the acceleration of the aircraft exceeds
0.0 km/s* (304 and 305).

[0024] The accelerometer (216) and gyroscope (217) con-
tinuously record aircraft data at regular intervals (306), and
after a set number of data entry points are collected into data
arrays (307), the time series of acceleration and gyroscopic
data are sent (508) to a set of one or more digital signal
processing filters to remove plane engine noise from the
accelerometer and gyroscope measurements (401). The set
number of data points collected before calculations begin
(307) should be chosen based on the capabilities of the
device processing units—a small enough number that the
data can be processed efficiently, without significant delay—
and based on the sampling frequency of the accelerometer
and gyroscope. In the preferred embodiment, thirty-two, 32,
measurements are collected before processing.
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[0025] In order to calculate aircraft speed and traveled
distance accelerometer measured linear acceleration is used.
However, the accelerometer measures linear and stationary
acceleration, so Harth’s gravitational force needs to be
compensated from the measured acceleration values.
Because the device can be installed in aircraft at any angle,
the gravitational component to acceleration may be present
in more than one acceleration axis. Compensation of gravi-
tational acceleration (403) includes calculating roll/pitch
angles using initial acceleration angles after the user inputs
all parameters for flight and confirms it. Then a rotation
matrix is calculated. While waiting for initial take-off this
matrix is not updated, raw accelerometer values are rotated
using this matrix where the x-axis represents the moving
trajectory, the z-axis contains the vector relating to gravita-
tional acceleration. After the take-off start is detected, gyro-
scopic measurements are taken into account. Together with
the raw accelerometer values, gyroscope measured rotations
are integrated using a Mahony filter to calculate current
roll/pitch/yaw. If roll or pitch deviates from initial calculated
by 3°, then rotation matrix is updated by new values.
[0026] Instantancous speed of the aircraft is calculated as
a first integral of acceleration with respect to time (501) by
applying Simpson’s rule and using the bias-filtered accel-
eration data array. The resulting, instantaneous speed is
equivalent to the ground speed of the aircraft (502), hereafter
referred to as ground speed. The ground speed direction is
further corrected using the calculated rotation matrix to
compute the ground speed direction along the longitudinal
axis of the runway (503).

[0027] The directionally aligned ground speed of the air-
craft is used to compute two different estimates of the safe
runway distance remaining. First, the instantaneous position
of the aircraft with respect to the length of the runway is
determined using a second integral (508) of acceleration
with respect to time, similarly encoded using

[0028] Simpson’s rule. The result of integration (508) is
the distance traveled (509) and the distance traveled is next
used to determine the residual take-off distance from the
TODA or TORA, initially input before take-off (510). The
residual take-off distance is then displayed on the TFT LCD
screen (511). The second computation using the direction-
ally aligned ground speed of the aircraft is the computation
of the true air speed (3.28). A best-fit regression is applied
to the array of TAS using algorithm (504), wherein the
best-fit regression equation is used to extrapolate (505) the
position along the runway when the required take-off speed,
Vr, is reached and the corresponding position of the residual
runway length (506). In the preferred embodiment, polyno-
mial regression is used.

[0029] All the instantaneous values of the measured accel-
eration (304) and calculated instantaneous values of speed
and aircraft position with respect of length of the runway are
stored in the SD memory card (209) of the device (100),
where the device (100) stores data for up to 40 seconds,
which fully complies with the maximum required accelera-
tion time period while an airplane is on the runway. A
prediction of the position along the runway once the aircraft
achieves the required take-off speed, Vr, is given at least 10
seconds after acceleration starts. Visual and audible (507)
pilot information signals are generated based on the residual
distance of the runway from the take-off point of the aircraft
to the end of the runway. If the predicted take-off speed (Vr)
is achievable in the runway range from 0-75% of the input
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TOGA or TORA, the entire visual indicator (105) on the
instrument panel is green. If the predicted take-off speed
(Vr) is reached in the range of 76 to 99%, the visual indicator
(105) illuminates partially green, partially yellow, depend-
ing on which part of the interval the predicted take-off speed
(Vr) value is at. When the predicted Vr is reached at 100%
or more of the relative runway length, the entire indicator
(105) illuminates red and a pilot warning signal is generated
at the same time. The indicator threshold parameters can be
changed by the user, using the control knob (104), adapting
them to the specific conditions of the aerodrome and the
aircraft itself.

[0030] In order to provide the most accurate information
on the position of the aircraft on the runway, said calcula-
tions of the position are carried out continuously, re-evalu-
ating the instantaneous acceleration, instantaneous speed
with respect to air, the position on the runway, remaining
runway distance to achieve the required take-off speed every
250 ms.

[0031] Terms “the first acceleration integral with respect
to time” and “the second acceleration integral with respect
to time” are general terms having a well-known meaning in
the art of calculating speed and traveled distance of moving
objects.

[0032] The described device and method are useful and
convenient in that when measuring the actual instantaneous
speed. a number of factors that determine the acceleration of
the aircraft (e. g. the nature of the runway pavement, the
hardness of the pavement, some of the described embodi-
ments evaluate environmental conditions (wind influence,
etc.) are evaluated.

[0033] The embodiments, as understood by those skilled
in the art, may be modified without deviating from the scope
of this invention.

1. A device for determining a safe runway distance during
aircraft take-off, the device comprising

An accelerometer, a gyroscope, at least one memory

module, at least one computer processing unit, a control
knob for data input means, at least one display screen,
and a device for emitting sound;

wherein the device operates separately from onboard

flight control equipment of the aircraft; and

wherein the computer processing unit is configured to

execute a computer implemented method for calculat-
ing the safe runway distance remaining during aircraft
take-off.
2. A computer implemented method for determining the
safe aircraft runway distance remaining during aircraft take-
off encoded on the CPU of the device of claim 1, the method
comprising the steps of:
manually inputting the data: runway length, take-off
direction with respect to a coordinate system, wind
direction with respect to a coordinate system, wind
speed, required take-off speed Vr of the aircraft;

measuring the acceleration using the accelerometer and
the aircraft taxi angle using the gyroscope of the
device;

calculating the ground speed of the aircraft by evaluating

the first integral with respect to time of the measured
acceleration;

calculating the true air speed of the aircraft;

determining the position of the aircraft on the ranway by

evaluating the second integral of acceleration with
respect to time;
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determining the remaining runway distance at the calcu-
lated position of the aircraft and displaying the remain-
ing runway distance on the at least one display;

extrapolating between time series of true are speed points
compared to position of the aircraft and evaluating the
positing of the aircraft when the true air speed of the
aircraft equals the required take-off speed; and

computing the percentage of remaining runway distance
at the calculated position of the aircraft to take-off at the
required speed.

3. The device for determining a safe aircraft runway
distance according to claim 1, characterized in that the
device is portable and autonomous from on-board flight
equipment.
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